$n$ パラメータ非拡大半群の共通不動点集合(非線形解析学と凸解析学の研究) by 鈴木, 智成
Title$n$ パラメータ非拡大半群の共通不動点集合(非線形解析学と凸解析学の研究)
Author(s)鈴木, 智成















, . $\mathbb{N},$ $\mathbb{Z},$ $\mathbb{Q}$ $\mathbb{R}$
, , , . $\mathbb{R}_{+}^{n}=[0, \infty)^{n}$
. , $\mathbb{R}^{n}$
$(j)$
$e_{j}=(0,0, \cdots, 0,0,1,0,0, \cdots, 0)\in \mathbb{R}^{n}$
$(1\leq j\leq n)$ . ,
.
$C$ Banach $E$ . $C$
$\{T(p):P\in \mathbb{R}_{+}^{n}\}$ , $n$
.
(i) $P\in \mathbb{R}_{+}^{n}$ , $T(p)$ $C$ ,
, $x,$ $y\in C$ , $||T(p)x-T(p)y||\leq||x-y||$
(ii) $q\in \mathbb{R}_{+}^{n}$ , $T(p+q)=T(p)\mathrm{o}T(q)$
(iii) $x\in C$ , $p\vdasharrow T(p)x$
$\{T(p) : P\in \mathbb{R}_{+}^{n}\}$ $\bigcap_{p\in \mathbb{R}_{+}^{n}}F(T(p))$
$\langle$ . 1965 ,
Browder . ,
Bruck [4] – .
1 (Browder [2]). $E$ – $C$ , $\bigcap_{p\in \mathrm{R}_{+}^{n}}F(T(p))$
. $n$ , , Kronecker .
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Rode [11] Bochner ,
.
2 (Rod\’e [11]). $E$ Hilbert $C$ .
$x\in C$ ,
$\{\frac{1}{t^{n}}\int_{[0,t]^{n}}T(p)xdp\}$
$tarrow\infty$ $\{T(P):P\in \mathbb{R}_{+}^{n}\}$ .
, ,
. , , $[21, 22]$
.
2. KRONECKER
, 2 . $\{p_{1},$ $p_{2},$ $p_{3}$ ,
. . . , $p_{n}$ } $\subset \mathbb{R}^{n}$ ,
$(\lambda_{1}, \lambda_{2}, \cdots, \lambda_{n})\neq 0$ $\lambda_{1}p_{1}+\lambda_{2}p_{2}+\cdots+\lambda_{n}p_{n}=0$
$(\lambda_{1}, \lambda_{2}, \cdots, \lambda_{n})\in \mathbb{R}^{n}$ .
, $\{\alpha_{1}, \alpha_{2}, \alpha_{3}, \cdots, \alpha_{n}\}\subset \mathbb{R}$ $\mathbb{Q}$
,
$(\nu_{1}, \nu_{2}, \cdots, \nu_{n})\neq 0$ $\nu_{1}\alpha_{1}+\iota\ovalbox{\tt\small REJECT}_{2}\alpha_{2}+\cdots+l\text{ _{}n}\alpha_{n}=0$
$(\nu_{1}, \nu_{2}, \cdots, \nu_{n})\in \mathbb{Z}^{n}$ . ,
$(q_{1}, q_{2}, \cdots , q_{n})\neq 0$ $q_{1}\alpha_{1}+q_{2}\alpha_{2}+\cdots+q_{n}\alpha_{n}=0$
$(q_{1}, q_{2}, \cdots, q_{n})\in \mathbb{Q}^{n}$ .
, $\mathbb{R}$ $\mathbb{Q}$
, – . 2 .
1. $\gamma$ , $\{1, \gamma\}$ $\mathbb{Q}$
.
. $\gamma$ , $\nu_{1}1+\nu_{2}\gamma=0$ $(\nu_{1}, \nu_{2}\in \mathbb{Z})$ . $\nu_{2}\neq 0$
, $\gamma=-\nu_{1}/\nu_{2}\in \mathbb{Q}$ , $\nu_{2}=0$ .
, $\nu_{1}=0$ . , $(\nu_{1}, \nu_{2})=0$ . - , $\gamma$
, $\{1, \gamma\}$ $\mathbb{Q}$ . $\square$
2. $\{1,$ $\sqrt{2},$ $\sqrt{3},$ $\sqrt{5},$ $\sqrt{6},$ $\sqrt{7},$ $\sqrt{10},$ $\sqrt{11},$ $\sqrt{13},$ $\sqrt{14},$ $\sqrt{15}$ ,
$\sqrt{17},$ $\sqrt{19},$ $\sqrt{21},$ $\sqrt{22},$ $\sqrt{23},$ $\sqrt{26},$ $\sqrt{29},$ $\sqrt{30},$ $\sqrt{31},$ $\sqrt{33},$ $\sqrt{34},$ $\sqrt{35}$ ,













$\nu_{2}^{2}p=r\nu_{1}^{2}$ . , $(\nu_{1}, \iota\ovalbox{\tt\small REJECT}_{2})\in \mathbb{Z}^{2}$ . $\nu_{2}$




, $p=2$ $r=1$ , .
2. $\{1, \sqrt{2}\}$ $\mathbb{Q}$ .
1 2 , .
3. $P$ 3 , $r$ $P$
,
(2) $\sqrt{P}=\sqrt{r}(q_{1}+q_{2^{\sqrt{2})}}$
$(q_{1}, q_{2})\in \mathbb{Q}^{2}$ .
. . $q_{1}=0$ 1
, $q_{2}=0$ 1 .
, $q_{1}\neq 0$ $q_{2}\neq 0$ . (2) ,
$p=r(q_{1}^{2}+2q_{2}^{2}+2q_{1}q_{2^{\sqrt{2}}})$
, $r2q_{1}q_{2}$ $0$ . $\{1, \sqrt{2}\}\square$
$\mathbb{Q}$
, $p=3$ $r=1$ , .
4. $\{1, \sqrt{2}, \sqrt{3}\}$ $\mathbb{Q}$ .
.
5. {1, , $\sqrt{3},$ $\sqrt{6}$} $\mathbb{Q}$ .
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. $(\nu_{1}, \nu_{2}, \nu_{3}, \nu_{4})\in \mathbb{Z}^{4}$ $\nu_{1}+\nu_{2}\sqrt{2}+\nu_{3}\sqrt{3}+l\ovalbox{\tt\small REJECT}_{4}\sqrt{6}=0$
. $\{1, \sqrt{2}, \sqrt{3}\}$ $\mathbb{Q}$ , $\nu_{4}=0$ .





3 . $\nu_{4}=0$ .
6. $P$ 5 , $r$ $p$
,
(3) $\sqrt{p}=\sqrt{r}(q_{1}+q_{2^{\sqrt{2}+q_{3^{\sqrt{3}+q_{4^{\sqrt{6})}}}}}}$
$(q_{1}, q_{2}, q_{3}, q_{4})\in \mathbb{Q}^{4}$ .
. $\langle$ . $(q_{1}, q_{2})=0$ 3
, $(q_{3}, q_{4})=0$ 3
. , $(q_{1}, q_{2})\neq 0$ $(q_{3}, q_{4})\neq 0$ . , $q_{1}+q_{2}\sqrt{2}\neq 0$
$q_{3}+q_{4}\sqrt{2}\neq 0$ . (3) ,
$p=r((q_{1}+q_{2^{\sqrt{2})^{2}+3(q_{3}+q_{4^{\sqrt{2})^{2}+2(q_{1}+q_{2^{\sqrt{2})(q_{3}+q_{4^{\sqrt{2})\sqrt{3})}}}}}}}}$
, $\sqrt{3}$ $0$ .
$\{1, \sqrt{2}, \sqrt{3}, \sqrt{6}\}$ $\mathbb{Q}$ .
, $p=5$ $r=1$ , .
7. {1, $\sqrt{2},$ $\sqrt{3}$ , , } $\mathbb{Q}$ .
8. {1, , , $\sqrt{6},$ $\sqrt{5},$ $\sqrt{10},$ $\sqrt{15},$ $\sqrt{30}$} $\mathbb{Q}$
.
. $(\nu_{1}, \nu_{2}, \cdots, \nu_{8})\in \mathbb{Z}^{8}$ $\nu_{1}+\nu_{2}\sqrt{2}+\cdots+\nu_{8}\sqrt{30}=0$
. $\{1, \sqrt{2}, \sqrt{3}, \sqrt{6}, \sqrt{5}\}$ $\mathbb{Q}$ , $(\nu_{6}, \nu_{7}, \nu_{8})=0$







$= \frac{\nu_{1}’’+\nu_{2^{\sqrt{2}+\mathcal{U}_{3^{\sqrt{3}+l\text{ _{}4^{\sqrt{6}}}’’}}’’}}’’}{\iota \text{ _{}5}’’}$
. , $\sqrt{5}=q_{1}+q_{2^{\sqrt{2}+q_{3}\sqrt{3}+}}$
$q_{4}\sqrt{6}$ , 6 .




3 (Kronecker, 1884) $\alpha_{1},$ $\alpha_{2},$ $\cdots$ , $\alpha_{n}\in \mathbb{R}$ $\{1, \alpha_{1}, \alpha_{2}, \cdots , \alpha_{n}\}$
$\mathbb{Q}$ . ,
$\{(k\alpha_{1}-[k\alpha_{1}],$ $k\alpha_{2}-[k\alpha_{2}],$ $\cdots$ , $k\alpha_{n}-[k\alpha_{n}])$ : $k\in \mathbb{N}\}$
$[0,1]^{n}$ . $[]$ .
$k\alpha j-[k\alpha j]$ $k\alpha j$ .
,
. , 19 Kronecker
, .
3.




4 $([16])$ . $\{T(P) : p\in \mathbb{R}_{+}^{n}\}$ $C$ $n$
. $\{p_{1}, p_{2}, p_{3}, \cdots, P^{n}\}\subset \mathbb{R}^{n}$









5 $([16])$ . $\{T(p) : p\in \mathbb{R}_{+}^{n}\}$ $C$ $n$
. $\alpha j$ $j$ , $P\mathrm{o}=\alpha_{1}e_{1}+\alpha_{2}e_{2}+\cdots+\alpha_{n}e_{n}$
$\in \mathbb{R}_{+}^{n}$ $p_{0}$ . ,
$p_{0}=(\sqrt{2},$ $\sqrt{3},$ $\sqrt{5},$ $\cdots,$ $\sqrt{n\ovalbox{\tt\small REJECT}\Xi\sigma\supset \text{ _{}\backslash }^{\backslash }\text{ }})\in \mathbb{R}_{+}^{n}$
.







( ) , . ,
,
.
. 4 , $n=1$ , .
6 $([15])\cdot\{T(t) : t\geq 0\}$ $C$ 1




. $p_{1}=\beta$ . $P^{1}\neq 0$ , $\{p_{1}\}$
. $\alpha_{1}=\alpha/\beta\in \mathbb{R}\backslash \mathbb{Q}$ . 1 , $\{1, \alpha_{1}\}$ $\mathbb{Q}$
. $P\mathrm{o}=\alpha_{1}P^{1}$ , 4















7 $([16])$ . $\{T(p) : p\in \mathbb{R}_{+}^{n}\},p\mathrm{o},$ $P^{1},P^{2},$ $\cdots,p_{n},$ $\alpha_{1)}\alpha_{2},$ $\cdots,$ $\alpha_{n}$
4 . $C$ $S$
$Sx= \frac{1}{n+1}(T(p_{0})X+T(p_{1})X+\cdots+T(p_{n})x)$




, [1, 3, 5, 6, 10, 12, 13, 18, 20, 24]
, Bochner $\{T(p) : p\in \mathbb{R}_{+}^{n}\}$
. ,
[13, 18, 19] 2 .
8 $([16])$ . $C$ . {$T(p)$ : $p\in$
$\mathbb{R}_{+}^{n}\},$ $p\mathrm{o},P1,P2,$ $\cdots,P^{n},$ $\alpha_{1},$ $\alpha_{2},$ $\cdots,$ $\alpha_{n}$ 4 .
$\{\alpha_{k}\}\subset[0,1/2]$
$\lim_{karrow}\inf_{\infty}\alpha_{k}=0$ , $\lim \mathrm{s}\mathrm{u}_{\mathrm{P}\alpha_{k}}>0$ , $\lim_{karrow\infty}(\alpha_{k+1}-\alpha_{k})=0$
$karrow\infty$
. $\{X_{k}\}\subset C$ $x_{1}\in C$
$x_{k+1}= \frac{1}{2}(1-\sum_{j=1}^{n}\alpha_{k}^{j})T(p_{0})x_{k}+\frac{1}{2}(\sum_{j=1}^{n}\alpha_{k}^{;}T(p_{j})x_{k})+\frac{1}{2}x_{k}$
. $\{x_{k}\}$ $\{T(p) : p\in \mathbb{R}_{+}^{n}\}$
.
9 $([18,19])$ . $E$ Hilbert $C$ .
$\{T(p) : p\in \mathbb{R}_{+}^{n}\},p0,P1,P^{2},$ $\cdots,P^{n},$ $\alpha_{1},$ $\alpha_{2},$ $\cdots,$ $\alpha_{n}$ 4
. $S$ 7 . $\Phi$ $C$






. $\lambda\in(0,1)$ , $\{X_{k}\}\subset C$ $X_{1}\in C$
$x_{k+1}=\alpha_{k}\Phi(x_{k})+(1-\alpha_{k})(\lambda Sx_{k}+(1-\lambda)x_{k})$
167
. $\{X_{k}\}$ $\{T(p) : p\in \mathbb{R}_{+}^{n}\}$
.
6 $\alpha$ $\beta$ . - , 4
$P\mathrm{o}$ $P^{1},$ $\cdots,$ $P^{n}$ . ,
, .
3. $P\mathrm{o},P^{1},P^{2},$ $\cdots,$ $P^{n},$ $\alpha_{1},$ $\alpha_{2},$ $\cdots,$ $\alpha_{n}$ 4 .
, $\{P\mathrm{o},P^{2},P^{3}, \cdots,P^{n}\}$ . ,





. $n=1$ , $n\geq 2$ . ,
$\lambda 0p_{0}+\lambda_{2P2}+\lambda_{3P^{3}+\cdots+}\lambda_{nPn}=0$
. $P\mathrm{o}$ , .
$\lambda_{0}\alpha_{1P^{1}+}(\lambda_{0}\alpha_{2}+\lambda_{2})p_{2}+(\lambda_{0}\alpha_{3}+\lambda_{3})p_{3}+\cdots+(\lambda_{0}\alpha_{n}+\lambda_{n})p_{n}=0$
$arrow$ $\{P^{1},P^{2}, \cdots,P^{n}\}$ ,
$\lambda_{0}\alpha_{1}=\lambda_{0}\alpha_{2}+\lambda_{2}=\lambda_{0}\alpha_{3}+\lambda_{3}=\cdots=\lambda_{0}\alpha_{n}+\lambda_{n}=0$
. $\alpha_{1}\neq 0$ , $\lambda_{0}=0$ . $\lambda_{2}=\lambda_{3}=\cdots=\lambda_{n}=$









. $\{1, \alpha_{1}, \alpha_{2}, \cdots, \alpha_{n}\}$ $\mathbb{Q}$ ,
$\nu_{1}=\nu_{0}=-U_{2}=-\nu_{3}=\cdots=-\nu_{n}=0$
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